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A stator assembly for an electrical machine 
comprises a core made of a magnetic material. The core 
has an annular yoke (2) and a plurality of teeth (3) 
spaced circumferentially on the annular yoke and 
extending radially therefrom. The spaces between the 
teeth define circumferentially spaced winding slots (6) 
. A stator winding is carried by the stator core and 
has coil turns located around the teeth and in the 
winding slots. Each tooth and a radially adjoining part 
(4) of the yoke have varying axial dimensions in order 
to adjust the magnetic flux to an optimal flux density 
in each part of the magnetic flux path in the stator. 
The annular yoke (2) may extend axially past the teeth 
(3) at least at one of the axial sides thereof. 
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(57) L "invention conceme un ensemble stator pour 
machine electriqite, qui comporte un noyau const inie 
d'unc maii ere magnctique. Le noyau com pone unc 
eulasse (2) annulaire el plusieurs dents (3) espaeees sur 
le pourtour de la eulasse annulaire et setendanl 
radialement a panir de celle-ci. Les espaces entre les 
dents detlnissent des tentes (6) denroulement espaeees 
sur le pourtour. I In enroulcment dc stator est portc par lc 
noyau de stator el comporte des tours de bobinage 
passant autour des dents et dans les femes 
d'enrou lenient. Chaque dent el chaque parti e (4) 
radialement continue de la eulasse present en t des 
dimensions axiales variables pour perm cure de regler le 
flux magnelique a unc densile de 11 u\ oplimale dans 
chaque partie du trajet de Hun magnelique du stator. La 
eulasse (2) annulaire petit setendre axialement au-dela 
des dents (3), an moins sur Tun ties cotes axiaux de 
colics -ci. 



(57) A stator assembly Tor an electrical machine 
comprises a core made of a magnetic material. The core 
has an annular yoke i2) and a plurality of teeth (3) spaced 
circumferential!) on ihe annular yoke and extending 
radially therefrom. The spaces between the teeth define 
circumierentially spaced winding slots (6) A stator 
winding is carried hy the stator core and has coil turns 
located around the teelh and in the winding slots. Each 
tooth and a radially adjoining part (4) of ihe yoke have 
varying axial dimensions in order to adjust the magnetic 
flux to an optimal (lux density in each pan of the 
magnetic flux path in the siator The annular yoke (2) 
may extend axially past the teeth (3) at least at one of the 
axial sides thereof 



Industr e Carada Industry Canada 



PCT 



CA 02326807 2000-09-28 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification < 
H02K1/16 



Al 



(11) International Publication Number: WO 99/50949 

(43) International Publication Date: 7 October 1999 (07.10.99) 



(21) International Application Number: PCT/SE99/00499 

(22) International Filing Date: 29 March 1999 (29.03.99) 



(30) Priority Date: 
9801123-2 



30 March 1998(30.03.98) 



SB 



(71) Applicant (for all designated States except US): H0GANAS 
AB [SE/SE]; S-263 83 Hoganls (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JACK, Alan, G. IGB/GB]; 
Milestone House, Allendale Road, Hexham, Northumber- 
land NE46 2KB (GB). MECROW, Barrie [GB/GB]; 50 
Haddington Road. Whitley Bay, Tyne and Wear (GB). 

(74) Agent: AWAPATENT AB; P.O. Box 5117. S-200 71 Mahno 
(SE). 



(81) Designated States: AL, AM, AT, AT (Utility model). AU. AZ, 
BA, BB, BG, BR, BY. CA, CH. CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model). 
EE, EE (Utility model), ES, FI, PI (Utility model), GB, GD. 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP. KE, KG. KP. 
KR. KZ. LC, LK, LR, LS. LT. LU, LV, MD. MG, MK, 
MN, MW. MX. NO, NZ, PL, PT, RO, RU, SD, SE, SG. SI. 
SK, SK (Utility model), SL, 17, TM, TR, TT, UA, UG. US, 
UZ, VN, YU, ZW, AREPO patent (GH. GM, KE, LS, MW, 
SD, SL, SZ, UG, ZW), Eurasian patent (AM. AZ, BY. KG, 
KZ, MD, RU, TJ, TM), European patent (AT, BE. CH. CY. 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF. BJ, CP, CG. CI. CM, GA, GN. GW. 
ML. MR. NE, SN. TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ELECTRICAL MACHINE ELEMENT 




(57) Abstract 



A stator assembly for an electrical machine comprises a core made of a magnetic material. The core has an annular yoke (2) and a 
plurality of teeth (3) spaced chcumferentially on the annular yoke and extending radially therefrom. The spaces between the teeth define 
circumferential spaced winding slots (6). A stator winding is carried by the stator core and has coil turns located around the jtocth and m 
the winding slots. Each tooth and a radially adjoining part (4) of the yoke have varying axial dimensions in order to adjust the magnetic 
flux to an optimal flux density in each part of the magnetic flux path in the stator. The annular yoke (2) may extend axtally past the teeth 
(3) at least at one of the axial sides thereof. 
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ELECTRICAL MACHINE ELEMENT 



Technical Field 

The present invention generally is related to elec- 
trical machines , especially motors, and more precisely is 
directed to the structure of the stator or rotor assembly 
5 thereof. 

Background of the invention and prior art 
Electrical machines have a stationary element and a 
movable element. The movable element may be a rotating 
element or a linearly movable element. The interaction 

10 between the stationary element and the movable element is 
based on the interaction of a magnetic field generated by 
either the stationary element or the movable element and 
electric currents in a winding on the movable element or 
the stationary element, respectively. The interaction is 

15 such that the direction of the current, the direction of 
the magnetic field and the direction of the movement are 
at substantially right angles to each other, e.g. along 
an x-direction, a y-direction and a z-direction of a 
right-angled co-ordinate system. 

20 The winding comprises a plurality of coils wound 

around teeth of a soft magnetic material normally con- 
sisting of steel laminations in order to reduce the eddy 
currents . 

Although the winding can be wound on the stationary 
25 element or on the movable element, the following descrip- 
tion will be limited to the winding being part of a sta- 
tor assembly. 

Conventionally, the stator assembly of an electrical 
machine has a stator core formed of a stack of steel 
30 laminations. As an alternative to the use of steel lami- 
nations, the stator core may be formed from iron powder, 
as exemplified by U.S. Patent No. 4,947,065 disclosing a 
stator moulded in one-piece, and by International Patent 
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Application W095/12912 disclosing a stator comprising a 
plurality of separate and substantially identical parts. 

By its very nature any compacted/ non-sintered mate- 
rial will not be fully dense. This means that soft iron 
5 powder currently available will have permeabilities that 
are lower than the permeabilities obtainable with steel 
laminations. However, magnetic powder composites could 
offer advantages such as isotropic magnetic behaviour, 
reduction in iron losses at high frequencies, improved 
10 thermal characteristics and flexible design and assembly. 
Summary 

An object of the present invention is to provide an 
electrical machine element, specifically a stator assem- 
bly, which reduces the cost of the machine without loss 

15 of performance. An electrical machine element in accor- 
dance with the present invention is characterised by the 
features specified in appended claim 1. Preferred embodi- 
ments of that electrical machine element are defined in 
the dependent claims. 

20 Thus, the present invention is related to a combina- 

tion of a core made of a magnetic powder material and 
having a yoke and a plurality of teeth spaced in a first 
direction along the yoke and extending therefrom in a 
second direction. Here, the spaces between the teeth de- 

25 fine spaced winding slots. Further, a winding carried by 
the core has coil turns located around the teeth and in 
the winding slots. 

According to the invention, the combination assembly 
is characterised in that each tooth and an adjoining part 

30 of the yoke have varying dimensions in a direction trans- 
verse to the plane defined by said first and second di- 
rections in order to adjust the magnetic flux to a de- 
sired or optimal flux density in each part of the mag- 
netic flux path in the core. 

35 In a first embodiment, the core and the winding con- 

stitute a stator assembly for a rotational electrical ma- 
chine. Therefore, the core has an annular yoke and a plu- 
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rality of teeth spaced circumferentially on the annular 
yoke, and the spaces between the teeth define circumfer- 
entially spaced winding slots. 

In a preferred embodiment, the teeth extend radially 
5 from the yoke, and each tooth and the adjoining part of 
the yoke have varying axial dimensions. 

Alternatively, the teeth may extend axially from the 
yoke in which case each tooth and the .adjoining part of 
the yoke will have varying radial dimensions. 

10 The teeth of the core may have a rounded profile 

such that sharp bending of the coil turns is eliminated 
and the risk of penetration of the insulation at the cor- 
ners is reduced. This allows thinner insulation to be 
used resulting in a substantial thermal benefit. 

15 In a preferred embodiment of the above stator assem- 

bly, each tooth forms a separate unit or segment with an 
adjoining part of the yoke. 

As a result of the design according to the present 
invention, the magnetic field from the coil turn parts is 

20 actively used. Thereby, stray losses are reduced and a 
more efficient machine is provided. Also, a better heat 
transfer is obtained; specifically by means of the axial 
extensions of the yoke adjoining the coil turn parts out- 
side the winding slots. 

25 In a further embodiment, the core and the winding 

constitute a stator assembly for a linear electrical ma- 
chine, the core having a longitudinal yoke and a plural- 
ity of teeth spaced along the longitudinal yoke, and the 
spaces between the teeth defining longitudinally spaced 

30 winding slots. This corresponds to the direction of the 
movement being along an x-direction, the direction of the 
magnetic field being along a y-direction and the direc- 
tion of the varying dimensions of each tooth and an ad- 
joining part of the yoke being along a z-direction of a 

35 right-angled co-ordinate system. The improved efficiency 
may be used for increasing the slot area and/or reducing 
the width of the yoke. This means a possibility of either 
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reducing the dimensions of the electrical machine with 
maintained performance or improving the performance with 
maintained dimensions. 

Brief description of the drawings 
5 FIG. 1 is an axial view of a stator of a servo motor 

according to a first embodiment of the invention. 

FIG. 2 is an axial sectional view along lines II-II 
in FIG. 1 and shows the axial profile of the yoke and a 
tooth of the core of the stator according to the first 
10 embodiment of the invention. 

FIG. 3 is an axial view of a stator of a universal 
motor according to a second embodiment of the invention. 

FIG. 4 is an axial sectional view along lines IV-IV 
in FIG. 2 and shows the axial profile of a pole of the 
15 stator according to the second embodiment of the inven- 
tion. 

Description of the preferred embodiments 
Referring to FIGS. 1 and 2, a stator 1 of a servo 
motor is illustrated as having a core consisting of a 

20 yoke 2 and nine poles or teeth 3. Each tooth 3 and an ad- 
joining part 4 of the yoke 2 forms a separate unit or 
segment 5. Each adjoining part 4 projects in the circum- 
ferential direction from both sides of its tooth 3 such 
that a slot 6 is formed on each side of each tooth 3. 

25 Further, the inner tip 7 of each tooth 3 is widened in 
the circumferential directions while the rest of each 
tooth 3 has a substantially constant width. 

Assembling the stator 1 from the separate units 5 
permits an easy winding of each unit 5 of the stator. 

30 The nine separate units 5 are made of a soft mag- 

netic powder composite material which is filled into a 
die, pressed to a desired shape and then heat treated at 
a relatively low temperature so as not to destroy the 
necessary insulating layer between the powder particles. 

35 This means that volume production of the separate units 5 
is possible and results in no material waste and a fin- 
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ished pressed unit with high tolerances and little or no 
machining being required. 

As shown for one unit 5 in FIG. 2, the axial length 
of each tooth 3 is less than the axial length of the ad- 
5 joining part 4. This extension of the yoke 2 axially past 
the teeth 3 on both axial sides thereof increases the ac- 
tive length of the windings and reduces the stray losses 
such that a more efficient machine is provided. Further, 
the heat transfer from the windings to the stator is im- 

10 proved by the axial extensions of the yoke adjoining the 
coil turn parts outside the winding slots. 

The above described design may be used for reducing 
the total winding length and thereby reduce the dimen- 
sions of the electrical machine with maintained perform- 

15 ance. 

A further advantage of using powder material is that 
the sectional tooth profile may be rounded or oval such 
that sharp bending of the coil turns is eliminated and 
the risk of penetration of the insulation at the corners 

20 is reduced. This allows thinner insulation to be used re- 
sulting in a substantial thermal benefit. The winding ar- 
rangement may comprise a non-overlapping winding on each 
tooth, which simplifies the winding operation and allows 
very high packing factors to be achieved. 

25 It should be noted that the rotor (not shown in 

FIGS. 1 and 2) of the servomotor preferably is of conven- 
tional laminated design, with surface magnets preferably 
with magnet skew to reduce cogging. 

Referring now to FIGS. 3 and 4, a stator 11 of 

30 a universal motor according to a second embodiment of the 
invention is illustrated as having a core consisting of a 
yoke 12 and two poles or teeth 13. The rotor is conven- 
tional and is not illustrated. The core is formed from 
iron powder and is moulded in one piece. 

35 The shape of the core as seen in FIG. 3 is conven- 

tional, while the axial sectional shape (shown in FIG. 4) 
of each one of its poles 13 resembles the axial sectional 
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shape of the teeth 3 of the servo motor stator exempli- 
fied in FIG. 2 in that the axial length of the yoke 12 is 
greater than the axial length of the adjoining part of 
the poles 13. However , the inner tips 14 of the poles 13 
5 of the universal motor stator 11 are extended axially and 
of substantially the same length as the yoke 12. Thereby, 
a low air gap flux density is concentrated into a shorter 
armature winding and the iron volume of the stator is re- 
duced. 

10 While only two embodiments of the present invention 

are described above, it is obvious to those skilled in 
the art that the several modifications are possible with- 
out departing from the spirit of the present invention. 

Thus, the invention may be applied to other types of 

15 motors, e.g. induction motors, reluctance motors, step- 
ping motors and hybrid stepping motors, and to corre- 
sponding types of generators, i.e. generally to rotating 
electrical machines. Also, the invention can be used in 
machines having an outer rotor instead of the exemplified 

20 inner rotor. 

Further, the material of the stator may comprise a 
powder material combined with other materials, e.g. lami- 
nations, or the stator may be made by casting. 

It should be noted that the teeth even might be 

25 longer axially than the teeth tips (and/or the yoke) , 
e.g. for lowering the flux density in the teeth and 
thereby reducing the risk of magnetic saturation therein. 

Generally, the invention aims at using a material or 
a combination of materials that makes it possible to vary 

30 the dimensions of each tooth and the adjoining part of 
the yoke substantially in a direction transverse to the 
plane of the laminations in a conventional electrical ma- 
chine in order to adjust the magnetic flux to an optimal 
flux density in each part of the magnetic flux path. In 

35 other words, each tooth and the adjoining part of the 
yoke have varying dimensions in said transverse direc- 
tion, i.e. differing from a constant width. 



CA 02326807 2000-09-28 



WO 99/50949 PCT/SE99/00499 

7 

Finally, it should be emphasised that the invention 
is not limited to the specific, above-described embodi- 
ments but is as well applicable to electrical machines 
having other combinations of stationary and movable ele- 
5 ments. 
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CLAIMS 

1. In an electrical machine, the combination com- 
prising 

5 a core made of magnetic powder material and having a 

yoke (2; 12) and a plurality of teeth (3; 13) spaced in a 
first direction along the yoke and extending therefrom in 
a second direction substantially transverse to said first 
direction, the spaces between the teeth defining spaced 

10 winding slots (6), and a winding carried by the core and 
having coil turns around the teeth and in the winding 
slots, characterised in 

that each tooth (3; 13) and an adjoining part (4) of 
the yoke (2; 12) have varying dimensions in a direction 

15 transverse to the plane defined by said first and second 
directions in order to adjust the magnetic flux density 
in each part of the magnetic flux path in the core and 
the yoke. 

2. The combination as claimed in claim 1, wherein 

20 the core and the winding constitute a stator assembly for 
a rotational electrical machine, the core having an annu- 
lar yoke (2; 12) and a plurality of teeth (3; 13) spaced 
circumferentially on the annular yoke, and the spaces be- 
tween the teeth defining circumferentially spaced winding 

25 slots (6). 

3. The combination as claimed in claim 2, wherein 
the teeth (3; 13) extend radially from the yoke (2; 12), 
and each tooth and the adjoining part of the yoke have 
varying axial dimensions. 

30 4. A stator assembly for an electrical machine as 

claimed in claim 3, wherein the annular yoke (2; 12) ex- 
tends axially past the teeth (3; 13) at least at one of 
the axial sides thereof. 

5. A stator assembly for an electrical machine as 

35 claimed in claim 3 or 4, wherein the teeth (13) have tips 
(14) extending axially past the main part of the teeth. 
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6. The combination as claimed in claim 2, wherein 
the teeth extend axially from the yoke, and each tooth 
and the adjoining part of the yoke have varying radial 
dimensions. 

5 7. A stator assembly for an electrical machine as 

claimed in claim 6, wherein the annular yoke extends ra- 
dially past the teeth at least at one of the radial sides 
thereof. 

8. A stator assembly for an electrical machine as 
10 claimed in claim 6 or 7, wherein the teeth have tips ex- 
tending radially past the main part of the teeth. 

9. A stator assembly for an electrical machine as 
claimed in claim 1, wherein the core and the winding con- 
stitute a stator assembly for a linear electrical ma- 

15 chine, the core having a longitudinal yoke and a plural- 
ity of teeth spaced along the longitudinal yoke, and the 
spaces between the teeth defining longitudinally spaced 
winding slots. 

10. A stator assembly for an electrical machine as 
20 claimed in any one of claims 1-9, wherein the teeth (3; 

13) of the core have a rounded profile eliminating sharp 
bending of the coil turns and reducing the risk of pene- 
tration of the insulation at the corners. 

11. A stator assembly for an electrical machine as 
25 claimed in any one of claims 1-10, wherein each tooth (3) 

forms a separate segment (5) with the adjoining part (4) 
of the yoke (2) . 
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